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A CALCULATION OF THE BULK MODULUS OF 
THE EARTH 
L. P. SIEG 
The following simple calculation is by no means intended to be 
an exhaustive investigation of the volume elasticity of the earth. 
Granting the postulates laid down, it is a definite problem, and 
the solution seems to be definite and exact. Without doubt the 
actual problem is vastly more complicated than the present dis-
cussion would indicate. 
Consider first that the material of the earth is originally scatter-
ed throughout infinite space, We shall next imagine that the ma-
terial is assembled into the present confines of the earth, and cal-
culate the work done in this assemblage. Suppose that the earth 
is already formed to a smaller sphere of radius r and mass m. 
Assume further that the density d is everywhere constant and 
equal to the present density. \Ve then have 
m = 4/3 7rr3d .......................... (1) 
The mass of the next added shell is 
dm = 47rdr2 • dr ........................ (2) 
The potential at the surface of ni is given by kmlr, where k is the 
gravitational constant. Hence the work done in adding the shell is 
w = km/r ·dm = (l67r2d2kr4)/3 ·dr ............... (3) 
and the total work done is 
W = ( 167r2d2k) /3 f :4 ·dr = ( l67r2d2ka5) /15 .......... ( 4) 
Since the mass of the present earth is 4/37rda3 , where a is the rad-
ius, Eq. 4 reduces to 
W = (3M2k)/5a ........................ (5) 
where },f is the mass of the earth. 
Now starting anew with the distributed matter, consider that 
the work done in contracting it to the present earth compresses 
the matter adiabatically. The work done in such a compression 
is given by 
w = f l-d'i'. ........................ (6) 
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where p is the pressure, and dv the change in volume. But tht> 
adiabatic equation gives us 
P'-'h = C .•.......................... (7) 
where his the ratio of the two specific heats. Substituting p from 
(7) in (6) we have 
W = C/Vh·dv = C/(h - l)Vh-1 ................. (8) 
Xow writing (7) in the form 
C = (Phvh)/h = (Bvh)/h ........•. .......... (9) 
where B is the bulk modulus, we have C expressed in terms we 
can use. Substituting C from (9) in (8) we have 
TV = (R0,h)/h(lt - l)vll-1 = (Bv)/h(h - 1) ........ (10) 
Equating ( 5) and ( 10) we get as the expression for the bulk 
modulus, 
B = 3JJ2klz (h 
Equation ( 11) further reduces to 
1)/Sav ................. (11) 
B = h(lz - l)d241ra2k/5 .•.......•.....••.. (12) 
Substituting in ( 12) as follows: h= 1.67 (assuming a monat-
omic gas), d=5.53, k=6.698X 10-8 , and a, the radius of the 
earth, 4000 X 5280 X 30.48 cm, we find that 
B = 23.8 X 1011 d_vnes/cm 2 .•••••••••••••••• (13) 
It will be noted that for steel the bulk modulus is between 
17xl011 and 20xl011 dynes/cm2 • Thus the volume elasticity of 
the earth is of the same order as that of steel. This is in accord 
with the fact that the rigidity of the earth, both as calculated by 
various persons, and as determined experimentally by Michelson 
is approximately that of steel. 
Such an earth, even if possessing a thin solid crust would, as 
far as elasticity goes, not be far different from our present earth. 
The interior would be considered to be a very hot, and highly 
compressed gas. In the above the valne of h for a monatornic gas 
was used. Any uther reasonable value would not seriously alter 
the results. \Vhile the actual process of formation of the earth 
may have been quite different from ,that assumed above, it is still 
of some interest to see that the elasticity comes out to be of about 
the right order of magnitude by the present simple postulates. 
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